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摘    要 
摘    要 
毕赤酵母是近年来发展迅速，应用广泛的真核表达系统，能对蛋白进行良好
的翻译后修饰，如信号肽加工、蛋白折叠、二硫键形成、部分脂基化和 O- 连接






其中 ORF2 编码 660 个氨基酸的肽链，为病毒主要结构蛋白。经研究发现，ORF2 







12A10 表位有良好的免疫原性，探讨了 HEV 表位疫苗的可行性，为酵母分泌表
达蛋白颗粒提供了一个很好的范例。 
首先，将嵌合有 HEV 受体相关表位 12A10 的 HBcAg 基因克隆到毕赤酵母
分泌表达载体 pPIC9k，构建重组表达质粒 pPIC9k-HBc149-12A10，用内切酶 SacI
将其线性化后电转入毕赤酵母菌株 GS115 中。用 G418 筛选得到高抗性的转化子
经过培养和甲醇诱导，培养上清进行 SDS-PAGE 电泳，与对照 GS115/pPIC9k 比
较，在 22kD 处有一条差异蛋白带；通过 Western Blot 鉴定，该条带与单抗 12A10
有特异性反应。 
其次，用 MGY/MM、BMG/BMM 和 BMGY/BMMY 三组培养基进行重组菌
株的培养，间接法 ELISA 表明，BMGY/BMMY 明显优于其他两组培养基。以















摘    要 




疫实验表明，纯化颗粒免疫 8 周后鼠血清中的特异性 12A10 抗体滴度可达到
























The Pichia pastoris expression system has become increasing popular in recent 
years. As a eukaryotic expression system, it can perform many post-translational 
modifications required for functionality, such as processing of signal sequences, 
folding, disulfide bond formation, certain types of lipid addition and O- and N-linked 
glycosylation. Furthermore, Pichia pastoris can extracellularly express heterologous 
proteins. Because this yeast secretes only low levels of endogenous proteins, 
compared with intracellular expression, extracellular expression has nothing with 
release of cell contents and separation of cell debris during cell disruption and the 
secreted proteins can easily purified. 
Hepatitis E is a global infectious disease caused by hepatitis E virus (HEV) and 
it’s endemic in Asia and Africa and Mexico. The viral genome consists of three open 
reading frames (ORFs) and the second open reading frame(ORF2) encodes a peptide 
of 660 amino acids, which is the structural protein of the virus. Some researches show 
that the amino acids 423-438 of ORF2, recognized by the monoclonal antibody 
12A10, play an important role in binding between the virus and host cells.  
The hepatitis B core antigen, which is an excellent immuno-carrier, can 
self-assemble in particles in both eukaryotic and prokaryotic expression systems. The 
heterologous epitopes can be inserted into the major immunodominant region of the 
protein, which still can assemble into particles, and the epitopes are well displayed on 
the surface of the particles. In our study, the gene encoding HBcAg fused with 12A10 
epitope was introduced in Pichia pastoris host cells and the recombinant engineering 
strains for secretory expression were constructed and screened. Then the culture 
conditions were optimized and the purified protein was analyzed. The 12A10 epitope 
in the fusion protein was proved to have good immunogenicity. The results of our 
study may shed light on the secretion expression of large-size particles in P. pastoris 
and show insight into the rational design of the vaccine carrier. 
Firstly, the hepatitis B virus core gene fused with the HEV epitope gene, which 















pPIC9K to construct the recombinant expression vector pPIC9k-HBc149-12A10. 
After linearized by restriction endonuclease Sac I, the recombinant expression vector 
was transformed into Pichia pastoris strain GS115 by electroporation. The 
transformants with high resistance to G418 were cultivated and induced by methanol. 
SDS-PAGE analysis showed that, compared with that of GS115/pPIC9k, the culture 
supernatant appeared a special protein-band of about 22KD, which could specifically 
reacted with 12A10 mab in the Westen Blot. 
Secondly, the recombinant engineering strain was cultivated respectively in 3  
groups of culture medium: MGY/MM、BMG/BMM and BMGY/BMMY. Indirect 
ELISA test showed the BMGY/BMMY medium was obviously better than the other 
two. On the basis of BMGY/BMMY medium, the effects of original pH value, 
concentration of methanol and cultivation temperature were studied by single factor 
experiment. Then by using  orthogonal experiment design, the optimum cultivation 
condition was determined as follows: riginal pH value at 7.0, concentration of 
methanol at 1.0% and cultivation temperature at 25℃ . The supernatant was 
concentrated and buffer-exchanged by crossflow filtration, and then was purified by 
hydrophobic interaction chromatography.  
Finally, CsCl gradient centrifugation analysis indicated the density of the 
recombinant protein was 1.32g/ml. TEM observation indicated that the fusion protein 
could self-assemble into particles, which was approximately 30nm in diameter.. Mice 
were immunized with the recombinant paticles, and 8 weeks later the titers of the 
mice antiserum reached 1.6×105. The 12A10 antibody level in the mice antiserum 
much higher than that in the serum from mice immunized with the p239 protein 
carrying 12A10 epitope, which suggested that non-immunodominant epitope was 
better presented in the recombinant particles. 
Our study could be seen as a reference to the secreted expression of recombinant 
virus particles by P. pastoris and an example of the vaccine carrier; it was also a new 
solution to the problem of difficult purification in the yeast intracellular expression. 



















APC：Antigen Presenting Cell，抗原呈递细胞 
bp：base pair，碱基对 
CAT：catalase，过氧化氢酶 




ELISA：Enzyme-linked ImmunoSorbant Assay，酶联免疫吸附分析 
ER：Endoplasmic Reticulum，内质网 
ET-NANBH：Enterically Transmitted Non-A Non-B Hepatitis，肠道传染的非 
甲非乙肝炎 
FITC：Fluoresceinisothiocyanate，异硫氰酸荧光素 
HBV：Hepatitis B virus，乙型肝炎病毒 
HE：Hepatitis E，戊型肝炎 
HEV：Hepatitis E Virus，戊型肝炎病毒 
HIC：Hydrophobic Interaction Chromatography，疏水相互作用层析 
HIV：Human Immunodeficiency Virus，人免疫缺陷病毒 
HPLC：High Performance Liquid Chromatography，高效液相色谱 
HRP：Horseradish Peroxidase，辣根过氧化物酶 
Kan：Kanamycin，卡那霉素 
kb：kilo base pair，千碱基对 
kD：kilo Daltons，千道尔顿 
mAb：monoclonal antibody，单克隆抗体 
MCS：Multiple Cloning Site，多克隆位点 














缩 略 词 
MIR：Major Immunodominant Region，主要免疫优势区 
Mut：Methanol utilization phenotype，甲醇利用表型 
MW：Molecular Weight，分子量 
NK：Natural Killer，自然杀伤细胞 
ORF：Open Reading Frame，开放阅读框 
Ori：Origin，复制起始位点 
PHO：Phosphatase，酸性磷酸酶 
PTS：Peroxisome Targeting Signal，定向肽 
RNA：Ribonucleic Acid，核糖核酸 
TEM：Transmission Electron Microscopy，透射电子显微镜 
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另一部分进入木酮糖- 磷酸途径；过氧化氢在过氧化氢酶的作用下分解成水[1, 2]。 
初一些公司为了生产单细胞蛋白质，把巴斯德毕赤酵母作为一种工业的甲
醇营养型酵母来开发[3]。但是，20 世纪 70 年代的石油危机增加了的甲醇的成本，
从而使它在这个方面的研究中断[1]。20 世纪 80 年代Phillips Petroleum Company
和Salk Institute Biotechnology (SIBIA, La Jolla, CA)开始研究将毕赤酵母用于外源
基因表达，先后分离研究出醇氧化酶启动子、表达载体和宿主菌。1993 年，
Research Corporation Technologies (Tucson, AZ, USA)获得了毕赤酵母表达系统的
专利，并授权Invitrogen Corporation (Carlsbad, CA, USA)出售推广该系统的各种
试剂盒[4]。目前，巴斯德毕赤酵母表达系统已成为应用 广的外源蛋白表达系统












































子，外源蛋白表达量可达细胞总蛋白的 5 %～40 %，如破伤风毒素蛋白的产量高

















































菌，AOX1 已被来自酿酒酵母的ARG4 所代替，只能依赖AOX2 基因合成AOX，






























表 1  毕赤酵母宿主菌株 
Table1  P. pastoris host strains 
Strain Genotype Phenotype 
X-33 Wild-type Mut+
GS115 his4 Mut+, His-
KM71 his4, arg4, aox1:: ARG4, Muts, His-
KM71H aox1: ARG4,arg4 Muts
SMD1168 his4, pep4 Mut+, His-, pep4-
SMD1168H pep4 Mut+, pep4-
SMD1165 his4, prb1 Mut+, His-, prb1-
SMD1163 his4, prb1, pep4 Mut+, His-, pep4-, prb1-
MC100-3 
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